The role of accumulation of sodium and calcium on contractile failure of the hypoxic/reoxygenated heart.
The present study was undertaken to determine whether myocardial energy or ion levels are related to oxygen-replenishment-induced recovery of cardiac contractile force after hypoxia. Isolated rat hearts were perfused for 3 to 40 min under hypoxic conditions, followed by 45 min of reoxygenation. Hypoxia induced a cessation of cardiac contractile force, a rise in resting tension, a decrease in high energy phosphates, and an increase in lactate. Myocardial ATP, creatine phosphate (CP) and lactate reached steady-state levels after 15, 10 and 5 min of hypoxia, respectively. Hypoxic conditions in the present study also caused an increase in sodium content and a decrease in potassium content, but not changes in calcium content, along with a prolonged hypoxic period. When the hearts were perfused for more than 25 min under hypoxic conditions, no recovery of contractile force was observed following 45-min of reoxygenation. Hypoxic perfusion for more than 25 min induced an accumulation of tissue sodium content approximately 3 fold higher than the pre-hypoxic value at the end of hypoxia, and also induced a marked increase in myocardial calcium content upon reoxygenation. When tissue sodium content accumulated by less than 300% of the pre-hypoxic value, cardiac contractile function was partially reversed by reoxygenation and calcium-overload was not observed. The recovery of post-hypoxic cardiac contractility correlated with tissue sodium content during hypoxia rather than with myocardial high energy phosphate content at the end of hypoxia. These results suggest that accumulation of tissue sodium content in the hypoxic myocardium and calcium content in the reoxygenated myocardium may be indicative of hypoxia/reoxygenation-induced cardiac contractile failure.